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IBTRODUCTIO* 

The  two  factor*  of  primary  importance  In  dealing 
with  soils  on  whieh  apple  treea  aro  grown  are  moisture  and 
nitrates.  Good  management  methods  must  consider  these 
at  all  times*  Practical  experience  has  shown  that  under 
Kansas  conditions  straw  mulch  and  clean  cultivation  are 
methods  that  tend  to  conserve  moisture  and  nitrates. 
Both  methods  effectively  control  weeds  but  although  other 
workers  have  found  that  a  straw  mulch  depresses  the 
nitrates,  its  use  results  in  more  vigorous  tree  growth 
and  in  higher  yields  of  fruit  than  does  clean  cultivation. 
Why  this  occur 8  becomes  a  question  of  some  importance. 

This  is  not  a  new  field  that  is  being  exploited  but 
rather  one  that  needs  clarifying  in  the  light  of  present 
day  accumulated  results.  It  is  thought  that  some  of  the 
methods  employed  in  this  study  may  prove  new  and  give 
interesting  results.  The  work  as  here  prosecuted  consti- 
tutes a  part  of  Project  Uo.  25  of  the  Agricultural  Experi- 
ment Station  and  la  directly  applicable  to  the  needs  of 
orelardists  in  this  section. 
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THE  PROBLEM 

this  is  to  be  a  study  of  nitrates,  moisture,  temper- 
ature and  ammonia  under  straw  mulch  in  a  sixteen-year-old 
apple  orchard.  The  variety  is  Delicious  and  the  trees 

ave  been  under  this  treatment  for  seven  years.  As  s 
check  e  comparison  of  adjacent  areas  under  clean  cultiva- 
tion will  be  made,  the  work  will  be  divide"  into  its 
several  phases  and  will  be  referred  to  as  separate  units 
that  together  comprise  the  problem* 

Moisture  and  nitrates  are  the  principal  bases  of  this 
work.  There  is  much  contradiction  in  the  literature  re- 
garding these  two  factors.  Albreeht  (1),  Scott  (19)  and 
Beaumont  (4),  have,  in  part,  studied  moisture  and  nitrates 


making  use  of  a  suitable  mulch  material  as  baa  beer,  the 
ease  in  this  work*  Their  results  do  not  arree.  Prom  a 
study  conducted  here  ever  a  period  of  two  years  and  from 
the  results  of  ay  predecessor,  Tozser  (22),  in  this  same 
work  und  r  Kansas  conditions,  it  seemed  probable  that 
results  differing  from  these  of  any  of  these  workers 
could  be  expected. 

Pew,  if  any,  Investigators  have  deemed  it  necessary 
to  remove  their  work  from  the  position  of  studying 
residues  of  moisture  and  nitrates*  Zt  is  proposed  to 
attempt  this  in  the  work  here  undertaken.  The  data  will 
be  evidence  of  the  results*  The  plan  by  which  this  is 
accomplishei  will  be  outlined  in  the  discussion  of  the 
plot  layout. 

Phase  I  of  this  problem  deals  with  moisture  and 
nitrates  under  straw  mulch  with  and  without  tree  roots 
removed.  There  is  a.  wide  variation  in  accepted  ideas. 
Beaumont  (4),  states  that  "at  no  time  within  the  period 
studied  did  the  average  nitrate  content  of  the  cultivated 
plots  reach  that  of  the  mulched  plots  although  at  three 
times  in  1925  the  curves  for  the  two  almost  converged". 
This  was  und  r  conditions  as  sampled  after  mulch  had  been 
allowed  to  accumulate  for  several  seasons.  Other  workers 
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report  a  different  result  .  albrocht  (1)  reports  that 
nitrates  are  depressed  where  a  fresh  rtulch  is  applied. 
Ho  does  not  allow  the  mulch  material  to  accumulate  tout 
removes  it,  plows  ths  ground  and  puts  on  a  now  mulch 
once  each  ywar.  It  is  possible  that  there  will  bo  differ- 
ences in  moisture  and  nitrate  co  trees  are  and 
are  not  present  that  will  bo  significant. 

Phase  II  deals  wit::  moisture  and  nitrates  under 
clean  cultivation  areas  with  roots  and  roots  removed* 
These  results  will  also  serve  as  a  check  for  the  conditions 
found  in  the  straw  mulch  plots. 

Phase  III  deals  with  the  ammonia  content  of  the 
orchard  soil.  Several  workers  have  submitted  evidence  to 
show  that  plants  aro  capable  of  utilizing  ammonia  (8). 
Tot  all  plants  are  equally  capable.  Some  seem  to  show 
no  preference  in  assimilating  ammonia  or  nitrates.  It 
is  to  study  the  possibility  that  apple  troes  are  capable 
of  utilising  m.  onia  that  this  portion  of  the  problem  is 
included. 

Phase  17  deals  with  soil  temperatures  under  the 
several  plots.  1  is  expected  that  the  temperature  under 
straw  mulch  will  be  lower  than  under  clean  cultivation. 

In  order  to  have  a  record  of  relative  vegetative 
vigor,  twig  and  girth  measurements  were  taken  on  the  trees 
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under  study  ir.  plots  II  and  I?. 

MATERIALS  AND  METHODS 

Lading  Out  of  Plots 

The  plots  for  the  experiment  were  selected  about 
Hare  1.  Considerable  tl»e  was  given  to  this  in  order 

at  future  observed  changes  could  not  be  classed  as 
Influenced  by  site  variations.  The  plots  are  located  as 

own  in  figure  1. 

Drainage  or  cross  wash  would  seem  to  be  ne^Iirible 
and  leaching  from  the  straw  plots  would  not  increase  the 
moisture  or  nitrate  content  of  adjoining  plots.  Because 
of  the  small  total  area  invo  vei,  any  changes  observed 
will  be  considered  the  result  of  the  treatments  rather 

■a  to  variations  of  the  soil  types. 

Originally  a  group  of  aeveral  apple  trees  was  to 
be  included  in  this  study  but  to  avoid  the  difficulties 
mentione  above  one  tree  under  straw  nuleh  and  one  under 
clean  cultivation  were  selected.  Adjoining  each  of  the 
trees  on  the  north, two  plots,  forty  square  feet  in  area, 
were  mad  free  of  growing  roots.  This  was  sceomplished 
by  digging  a  trench  fifteen  inches  wid  to  a  depth  of 
four  feet  in  order  to  cut  of  any  roots  from  the  nearby 
trees.  To  prevent  roots  reappearing  during  the  course  of 
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FIGURE  1.  DIAGRAM  OP  PLOT  LAYOUT 
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the  atudy,  an  additional  cutting  was  nad  Hay  10,  Th* 
mulch  was  kept  In  as  uniform  I     ition  aa  possible  and 
a  fresh  application  of  straw  was  made  ApriZ 

Plot  I  w-s  lc      between  trees  8  and  0  In  row  16 
and  Is  under  straw  mulch  with  tree  roots  reawved.  Plot  II 
la     rea  about  tree  8,  row  16  and  la  unl       aw 
mule'  .  Plot-  III  and  IV  are  under  clcrn  cultlvatlc 
Plot  III  Is  an  area  between  trees  8  and  9  In  raw  17  and 
has  had  all  tree  roots  cut  of  .   lot  IV  surrounds  tree  8 
in  row  17  and,  I     lot  II,  contains  an  apple  trc 

The  "new  straw"  area,  plot  VI,  and  the  adjoining 
plot  V,  are  located  on  row  17  near  tree  6.  This 
tree  is  very  aaall  and  has  not  a  root  system  sufficient  to 
demrnd  the  nit-     available  in  these  two  plots.  The 
ajaantity  of  old  straw  applied  to  plot  VT  cc     it  to  a 
depth  of  ton  Inches  before  sett!:'   . 

SOIL  DETSRSIHATI017S 

Sampling.  The  soil  samples  were  taken  with  a  four 
foot  King  »oll  sampler  to  a  depth  of  tliree  feet  in  each 
plot.  These  soil  samples  were  taken  in  one  foot  sections. 
Four  borings  were  taken  frost  each  plot  to  represent  the 
first  foot.  Because  of  the  larger  quantity  of  sample 
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obtained  and  tho  lessened  chance  for  variation  in  the 
second  and  third  foot  layers,  three  borings  were  made  to 
each  of  those  depths.  The  samples  on  plots  II  and  IT 
sere  taken  at  seven  to  ten  feet  from  the  tree  trunks  and 
care  was  exorcised  not  to  come  closer  than  fifteen  inches 
to  previous  sampling  holes*  A  definite  sebedule  for  loc 
lag  samples  was  worked  out  In  the  beginning  and#  by  mak- 
ing use  of  it  throughout,  the  possibility  of  striking 
old  holes  wvs  reduced.  As  s  further  precaution  to  stop 
water's  accumulating  in  sample  holes,  fine  soil  was  used 
to  fill  them  after  each  three  foot  sample  was  removed. 
Hth  the  plots  that  were  root  free  a  very  definite  schedule 
was  necessary  because  of  the  small  area  available  for 
swmplin;?.  The  plan  followed  was  to  take  two  samples  each 
from  both  the  east  and  west  sections  of  them."  These 
ssaples  of  like  depth  were  placed  together  and  a  uniform 
mixture  taken  for  study. 

lelsture  Determine t ions .  Two  fifty-gram  samples  were 
weighed  out  and  placed  in  evaporating  dishes  to  determine 
the  moisture  content.  They  were  dried  in  an  electric  oven 
at  a  temperature  of  100°c.  for  fifteen  hours,  after  which 
the  samples  were  weighed.  An  average  was  mad.?  of  the 
weights  thus  obtained  and  the  moisture  content  calculated 
on  the  dry  soil  basis  and  expressed  as  a  percentage. 
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Nitrate  Determination*.  At  the  same  tlae  a  fifty- 
sample  was  weighed  out  and  placed  in  a  battery  frr 
for  nitrate  do  terrains  t  ion.  The  phenoldisulpl.onic 


oolorimetric  method  was  use;  as  described  in  U. 


q  n 


•  ..  • 


Bureau  of  Sella  Bulletin  No.  51.  At  various  times  tests 
were  made  to  detect  chlorides,  but  no  appreciable  quacti- 
tiea  were  observed.  Twe  50  c.  c.  samples  were  taken  for 
evaporation.  The  readings  were  average:  and  nitrates 
computed  as  parts  per  million. 

Ammonia  Determinations.  At  the  same  tine  a  50-grsji 
sample  was  weighed  out  and  placed  in  a  quart  milk  bottle 
and  stoppered.  Ammonia  was  determined  as  described  in 
Bmer3on*s  book  (9)  entitled  Soil  Characteristics,  page  99, 
with  this  change:  the  bottles  were  placed  in  a  shaker 
machine  and  it  allowed  to  run  for  thirty  minutes.  They 
were  then  allowed  to  remain  over  night.  Samples,  250  c.  c, 
were  measured  out  and  distilled  into  standard  acid  and 
titrated  as  in  Oner a on »s  directions  (9).  Extreme  care 
was  necessary  to  prevent  any  ammonia  contamination  and 
for  this  reason  weighing  was  done  under  conditions  that 
to  a  large  extent  cut  down  ob.iectlonal  features  and  safe- 
guarded results. 

Tempera tore  Readings .  Bach  plot  was  provided  with  a 
standard  soil  thermometer,  that  previously  had  been  cheeked 
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a»  to  its  accuracy.  The  bull  of  the  thermometer  was  placed 
•even  Inches  below  the  surface  of  the  ground  so  as  to 
prevent  any  extreme  variations  that  might  result  from 
direct  solar  heat.  Readings  were  taken  at  regular  inter- 
vals during  the  day.  Several  times  a  study  was  made  of 
the  variations  as  they  exist  over  long  periods  of  the  day. 
Girth  Measurement 3 .  Growth  data 


secured  by  cooperation  with  station  workers.  Trees  under 
study  were  made  a  part  of  the  regular  route  of  the  obser- 
ver. Measurements  were  taken  at  weekly  intervals  and 
gave,  along  with  yield  records,  an  aeeurate  Indication  of 
response  by  the  trees.  The  measurements  were  taken  on 
ten  representative  twigs,  carefully  spaced,  on  eac?  tree* 
The  girth  growth  was  measured  with  s  centimeter  tape  at 
a  definite  height  above  ground  and  at  a  point  indicated 
by  a  mark  painted  around  the  trur. 

Rainfall  Data.  The  record  of  rainfall  used  was  ob- 
tained from  the  college  station  whic'  is  about  one  aile 
from  the  orchard  where  these  studies  were  made.  Differ- 
in  rainfall  between  these  two  points  should  be  small. 


LIT13?ATTSIE  REYIBt* 

In  reviewing  the  literature  dealing  with  orchard 
soil  management  only  that  directly  contributing  to  the 
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Wd^ect  under  study  was  abstracted.  T'-ere  are  many  general 
references  but  few  that  deal  w5     e  specific  problem 
studied.  The  following  references  cite-  in  the  bibli- 
ography were  review  lis  ef  C.     ^zer  at 

I  Kansas  State  Agricultural  College  (1927)  and  conse- 
quently will  not  be  reviewed  again:  Sievers  and  Holts 
(1926),  Sacl-s  (1926),  Scott  (1916),  Woodbury,  Eeyes  and 
Oskamp  (1917),  Ballou  and  Lewis  (1920),  Knrray  (1921), 
Posa  (1925),   Ibreeht  (1921) ,  Albreeht  and  TJhland  (1925), 
and  Collison  and  Conn  (1925). 

Beaumont  (1927),  of  Massachusetts,  states  that  at 
no  time  did  the  average  nitrate  content  of  the  cultivated 
plots  reach  that  of  the  mult  The  time  at  which 

fcfeey  most  nearly  converged  was  duri     I  most  active 
growing  period.  Mulch  served  to  conserve  moisture  and 
stabilise  the  temperature* 

Culllnar,  and  S&ker  (1927)  in  Indiana  in  a  supple- 
mentary report  on  work  instituted  by  Woodbury,  Eoyes 
and  Oskamp  (1917)  found  that  the  root  system  und^r  straw 
mulch  is  relatively  shallow  as  compared  with  the  d  pth 
of  the  total  root  system  of  trees  under  clean  cultivation, 
Also,  that  smaller  fluctuations  occur  in  moisture  and 
temperature  throughout  the  year  under  mulch  than  under 
any  other  treatment. 


Oskarap  {1915)  has  reported  that  the  soil  at  root 
depth  cools  off  more  slowly  und:r  straw  mulch  in  the  fall 
and  warms  up  mors  slowly  in  the  spring  than  und ;:■:■  tillage. 
"The  extreme  diurnal  and  annual  fluctuations  in  soil 
temperature  noted  under  tillage  are  more  equalized  under 
straw  mulch." 

Prince  (1013)  states  that  the  variation  between  soil 
samples  from  the  same  treatment  would  vary  as  greatly  as 
those  from  different  treatments. 

ILarraker  (1027)  found  in  his  work  at  Kentucky  that 
there  is  a  wid  variation  in  nitrates  over  small  areas 
that  are  difficult  to  account  for  as  cropping  or  other 


Cullinan  (1921)  at  Purdue  found  that  apple  roots 
und.r  mulch  wore  much  more  numerous,  Iwg.  slender,  end 
fibrous,  ninety  percent  of  the  root  systems  of  the  trees 
under  straw  mulch  treatment  were  in  the  first  two  feet  of 

soil.  Seventy-five  to     7  percent  0     root 
systems  of  these  trees  was  in  the  first  twelve  inches 
with  a  network  of  the  fibrous  re     .  st  underaefit*  the 
surface  of  the  soil,  or  penetrating  the  straw  mulch  itself. 
Trees  under  straw  mulch  produced  more  fruit  and  made  as 
great  twig  /rrowth  as  those  under  clean  cultivation  over 
a  five  year  period. 
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Itevis  (1927)  at  the  Ottawa  Station  reporting  on  the 
ability  of  the  apple  tree  to  use  annonla  from  ammonium 
sulphate  states  hie  belief  that  there  is  no  certain  indica- 
tion that  apple  trees  are  capable  of  using  ammonia  as  a 
direct  source  of  nitrogen;  although  the  trees  actually  did 
better  than  und-r  a  no  nitrogen  or  under  a  check  treatment, 

Waksman  (1925)  of  the  Bew  Jersey  Station  during  a 
ttudy  of  ammonia  aecumulation  in  the  soil  found  that  the 
variability  between  the  duplicate  determinations  and  the 
difference  in  the  amount  of  am  onia  formed  from  the  differ- 
ent nitrogenous  materials  are  of  such  a  nature  that  one 
may  question  the  value  of  the  ammonifies tion  test  alto- 
gether. This  is  more  justified  when  the  results  obtained 
by  investigators  who  study  the  ammonifies tion  tests  are 
compared  with  the  results  obtained  with  the  bacterial 
numbers  and  nitrifying  capacity  of  the  same  soils.  These 
two  yield  uniform  results. 

Martin  (1925)  at  the  Cornell  Station  found  that  in- 
corporated straw,  in  general,  caused  a  decline  in  the 
amount  of  nitrates  accumulated  and  that  this  was  quanti- 
tative. After  d  composing  for  twelve  months  its  d  prea- 
eive  effect  upon  nitrification  was  lessened  and  nitrifi- 
cation in  fact  went  on  more  readily  in  the  straw  treated 
plots. 


larper  (1925)  find*  no  correlation  between  the 
content  and  total  nitrogen  content  of  the  soils  be  studied; 
the  accumulation  of  nitrates  or  the  soil  reaction.  The 
ammonia  content  of  a  soil  is  evidently  in  equilibrium 
with  the  products  of  protein  hydrolysis  and  nitrification, 
;ust  as  the  nitrate  content  Is  in  equilibrium  with  the 
ammonia  content  of  the  soil  and  the  plants  and  micro- 
organisms. Ascnonia  content  does  not  excee  20  parts  per 
million  and  most  soils  contain  less  than  10  parts  per 
million.  Occasionally  the  ammonia  content  of  some  soils 
may  be  as  high  as  60  to  70  parts  per  million.  This  may 
bo  due  to  conditions  unfavorable  for  nitrificai ion  or 
too  vigorous  sjsaonificstion  or  it  may  be  the  result  of 
those  factors  acting  simultaneously. 

Lohnis  (1923)  drawj  the  conclusion  that  in  certain 
cases  nitrate  formation  in  soils  shows  variations  at 
different  times  of  the  year  which  are  not  cause  by 
variations  in  temperature  or  moisture  content.  Fall  and 
spring  «*»-*?«-»  and  winter  and  summer  minims  have  been  most 
often  observed.  It  is  consid  rei  out  of  the  question  that 
these  variations  are  caused  by  physical  factors.  Biolog- 
ical factors  probably  eat  rt  an  essential  influence. 

Hootman  and  Veils  (1927)  working  in  a  young  Michigan 
orchard,  that  was  conducted  under  several  systems  of  soil 


nanagement  found  clean  cultivation  and  straw  mulch  to  be 
the  best  two  systems  of  orchard  soil  management .  In  cor- 
elusion  they  state  that      seems  to  be  as  good  as 
clean  cultivation  and  that  it  cuts  down  the  amount  of  money 
that  need  be  invested  in  an  «rchard  tlirough  its  early 
bearing  age. 

Stewart  (1914)  in  his  work  at  the  Pennsylvania  Station 
stetos  that  moisture  is  conserved  most  efficiently  by  a 
good  mulch  or  straw  manure.  In  using  a  mulch  it  must  be 
heavy  enough  to  prevent  woods  growing  up  through  it. 

DISCUSSION  OP  RESULTS 

Throughout  tills  discussion  when  possible  straw  mulched 
plots  are  referred  to  as  Croup  A  and  clean  cultivated  plots 
as  Group  B.  Figures  and  tables  will  be  so  located  that 
they  are  available  for  immediate  reference. 

The  initial  sampling,  Karch  11,  was  designs  -  to  give  a 
measure  of  conditions  as  they  exist  in  orchard  soils  prev- 
ious to  tree  growth.  The  several  plots  had  uniform  mois- 
ture and  nitrate  contents,  referred  to  by  Lohnis  (13)  as 
a  usual  ©crly  season  condition,  that  made  a  satisfactory 
point  to  begin  the  work.  Unfortunately  the  weather  during 
t :e  latter  part  of  March  was  bo   unseasonably  warn  as  to 
start  nitrification  and  tree  activity  much  earlier  than 
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Phase  I.  The  moisture  and  nitre- te  content  under 
straw  mulch  with  trees  present,  Plot  II,  was  of  prfcoary 
importance  in  this  work.  The  first  analysis  showed  the 
nitrate  content  as  30  parts  per  million  and  tbf  moisture 
to  be  30  percent.  It  showed  an  Increase  in  nitrate  on 
Bareh  25  and  until  Kay  2  it  average^  15  parts  per  million 
higher  than  plots  in  Group  B.  At  this  date  the  effect  of 

addition  of  fresh  r.ulcli  was  noticeable  and  the 
average  nitr-  te  content  of  Group  A  was  somewhat  lower 
than  Group  B.  Tie  moisture  content  of  plot  II  was  high 

roughout  the  season,  averaging  28  pereent,  and  was 
surpassed  only  by  plot  I  also  in  Group  I  but  with  tree 
roots  absent.  The  average  nitrate  content  for  tlie  season 
in  the  first  foot  of  Group  A  was  higher  than  the  same  depth 
In  Group  B  or  In  any  combination  of  layers  in  Group  B. 
See  tables  I,  II,  V,  VI,  and  VII,  and  figures  3,  4,  9, 
10,  11,  and  14. 

Plot  I  had  an  average  nitrate  content  very  close  to 
that  of  plot  II;  but  during  the  period  of  greatest;  tree 
growth  it  showed,  as  a  result  of  removing  active  roots, 
a  slightly  higher  nitrate  content.  For  the  same  reason 
the  moisture  content  of  plot  I  was  higher  than  plot  II. 
Detailed  data  are  shown  in  figures  5  and  9. 
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TABLE  III 

Datej 

SOIL  TESPERATTJSE 

Mulched 

Cultivate*: 

. 

Plot  I  J 

Plot  II: 

"Plot"  VI: 

Plot  III: 

Plot  IV: 

"Plot  V 

°r 

°F 

o„ 
F 

Op 

0    : 

P 

3/20: 

56 

54 

69 

67   : 

3/24: 

58 

57 

68 

66 

3/28: 

57 

55 

66 

65 

4/2  ; 

54 

52 

70 

69 

4/7  ! 

56 

55 

66 

62 

4/l2: 

57 

55 

65 

64 

4/18: 

52 

53 

63 

61   ! 

4/24 : 

51 

43 

60 

59 

5/2  ; 

53 

56 

72 

70 

5/7  ; 

55 

57 

* 

73 

70 

69 

5/9 

54 

56 

56 

73 

70 

74 

5/10 

59 

55 

58 

79 

74 

77 

sAs: 

60 

62 

63 

74 

70 

74 

5A9 

60 

57 

60 

72 

70 

73 

5/21 

62 

60 

61 

73 

71 

74 

5/23 

65 

m 

63 

75 

72 

74 

5/28 

68 

66 

75 

79 

76 

76 

6/2 

66 

65 

66 

72 

70 

72 

6/4 

64 

62 

68 

74 

73 

73 

6/6 

:   63 

59 

!   63 

.   71 

69 

70 

6/11 

:    66 

:    63 

;    67 

:   74 

|   74 

I   64 

6/15 

1       67 

:   63 

:    66 

,   77 

:   77 

1       74 

6/L8 

:   69 

:   65 

:   69 

:   77 

:   77 

I   76 

6/19 

:   70 

:    66 

:   70 

:   77 

:   77 

:   78 

6/20 

!   72 

:   67 

:   71 

:   85 

:   85 

1   84 

6/21 

:   71 

:   66 

:   71 

:   75 

1   75 

:   73 

6/22 

j   72 

:   67 

:   71 

:   81 

:   81 

:   80 

6/23 

:   72 

:   63 

:   72 

:   79 

j   79 

:   80 

6/24 

:   69 

:    65 

J   69 

:   76 

1   76 

1       82 

6/25 

s   70 

:   65 

:   70 

!    79 

:   79 

1       78 

6/26 

1    72 

1    ob 

!    71 

i       79 

!   80 

:   81 

6/28 

r   72 

!   73 

5   72 

:    80 

76 

:   81 

6/B9 

s   72 

:    73 

1    72 

81 

:   76 

81 

6/30 

:   73 

1   68   ' 

72 

:    82 

:    78 

82 

TABLE  III  -  continued 
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7/2  : 

76   l 

72 

76 

86 

:  81 

:  87 

7/5  : 

79 

74 

76   l 

92   1 

85    : 

,  90 

7/5  : 

80 

76 

78   ■ 

94 

:  90 

:  92 

7/7  : 

81 

77 

80 

m 

:  85 

:  95 

7/9  : 

79 

74 

:   7T    I 

1   88   | 

•   82 

:  87 

7/10: 

78 

74 

i       77 

86 

:   81 

:  86 

7/11: 

78 

72 

76   i 

87 

89 

:  86 

7/12: 

77 

:   72 

:   76 

1   85 

:  84 

85 

7/13: 

78 

72 

77 

1   92 

1  90 

:  89 

7/14: 

76 

i       72 

:   76 

1   M 

:   80 

•  79 

7/15: 

78 

73 

76 

1    38 

:  87 

:   M 

7/16: 

77 

75 

1   78   1 

88   1 

:  86    | 

1  85 

7/17: 

80 

73 

78 

:   92 

88 

:  94 

AT.! 

67.2 

64.3 

77.8 

75.6 

X5 

70.42 

TABLE  IY 
SOIL  TSKPER&TTOK— AVERAGES  BT  XOHTHS 
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Month.   plofe  x   .    ^lofc  H.    frlot  VliPlot  H!i   rtot  W:    Plot  V 


March: 
April: 


.Tune 
July 


56 
54 
59.5 

ma 

78.25 


54.5 
52.6 


65.9 
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"s: 


61.6 
69.5 
70.42 


66.75 

64.8 

74.4 

76.69 

77.8 


H 

65 
63 

71.44 
73.9 

75.56 


*F 


73.88 
77 
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Plot  VI  showed  a  depression  in  nitrate  content  that 
was  measurable  tve  weeks  after  the  straw  was  first 
spoiled,  table  V,  figure  8.  This  is  the  same  effect 
recorded  by  Albrecht  (1)  but  does  not  serve  to  contradict 

j  work  of  Beaumont  (4)  who  dealt  with  accumulative 
effects,  although  the   d  pre as ion  may  be  due  to  the  biolog- 
ical factors  indicated  by  Collison  and  Soon  (5).  As 
shown  in  table  X,  the  moisture  content  showed  an  immediate 
rise  ea  the  result  of  ad     febt  mulched  material. 

Phase  II.  Plot  IV,  a:  ound  a  tree  under  clean  culti- 
vation, had  a  constantly  lower  nitrate  content  than  did 
plot  III;  likewise  the  moisture  content  was  two  to  four 
percent  lower  during  the  period  of  maximum  tree  growth, 

moisture  and  nitrate  content  of  plot  V  was  similar 
to  that  of  plot  III.  Figures  2  to  16  inclusive  show  the 
moisture  and  nitrate  trends  for  the  several  treatments. 

•urea  15  to  1G  inclusive  give  in  detail  the  average 
nitrate  content  in  plots  I  to  IV  inclusive  at  the  various 
->ths. 

Phase  III.  Ammonia  determinations  were  made  as  part 
of  the  study  relative  to  the  four  original  plots.  These 
were  carried  through  the  greater  part  of  the  season.  At 
t! e  first  sampling  all  plots  slowed  a     ammonia  content 
ranging  from  56  to  55  parts  per  million.  Bearly  all  of 


KANSAS  STATE  COLLEGu  LIBRARIES 


4C. 


this  ammonia  was  located  in  the  first  twelve  inches  of 
soil.  The  weather  then  became  favorable  for  nitrification 
with  the  result  that  the  anaemia  disappeared.  Woodbury, 
etal  (24)  and  Albrecht  (1)  made  a  similar  study  but  did 
not  ettach  very  much  significance  to  this  phase  because 
tree  growth  is  not  started  until  conditions  for  nitrifi- 
cation are  favorable.  Davis  (8)  using  ammonium  sulphate 
as  a  direct  source  of  ammonium  for  see:  ling  apple  trees 
was  unable  to  obtain  satisfactory  indications  of  its  value 
in  promoting  growth.  iSakaman  (25)  believes  that  as  much 
variation  may  be  encountered  in  sampling  for  anr.onia  as 
is  obtainei  from  several  treatments •  The  conditions  were 
favorable  for  nitrification  and  no  significant  quantity 
of  ammonia  was  measured.  After  a  number  of  d  terminations 
gave  similar  negative  results,  this  portion  of  the  problem 
was  discontim  .  . 

Phase  IV.  Soil  temperature  is  an  important  measure 
of  conditions  as  they  effect  nitrification.  Oskamp  (16) 
states  that  less  fluctuations  occur  under  straw  mulch 
and  the  results  oht  ined  in  this  study  bear  out  his  state- 
ment. Group  ft  average-  10°  lower  than  did  Group  B.  How- 
ever the  average  temperature  under  mulch  is,  through  a 
great  part  of  the  season,  high  enough  to  favor  nitrification. 
Tables  III  and  IV  give  the  soil  temperature  for  the  plots 
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as  recorded  and  the  a  versus  for  each  by  months  and  for 
season. 

Twig  measurements  show  that  trees  under  straw  cralch 
did  not  make  as  heavy  an  initial  growth  as  did  those 
und  r  clean  cultivation;  however,  the  averc-e  total  twig 
growth  was  6  centimeters  greater  in  plot  II •  The  avera<*e 
twig  growth  in  plot  IV  wo  a  16.55  cm.  as  compared  with 
22.55  era.  in  plot  II.  This  would  Indicate  a  more  vigor- 
ous condition  of  t'nte  trees  under  straw  raulc^.  Both 
plots  had  an  adequate  supply  of  moisture  and  nitrates 
it  gave  no  measurable  difference  in  the  amount  of  girth 
1  oil  • 

COICLUSIOHS 

1.  This  study,  in  some  measure,  served  to  verify 
the  results  of  both  Albrecht  {1,  2)  and  Beaumont  (4). 

It  shoved  that  the  actual  conditions  surround     n  e^eri* 
ment  must  be  considers I  in  order  correctly  to  Interpret 
J  results  obtained. 

2.  lbs  nitrate  content  und  r  straw  mulch  was  suffi- 
cient to  maintain  adequate  twig  growth  and  tree  vigor. 

5.  Soil  moisture  can  *•  *****   maintained  by  an  ade- 
quate straw  aulch. 
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4.  B«*«tse  of  the  presence  of  a  7     roportion  of 
the  tree  roots  undbr  mulch  in  the  upper  toil,  any  neglect 
in  maintaining  the  mulch  will  result  disadvantageous^ 

to  the  trees, 

5.  Soil  ammonia  quickly  disappears  after  environmental 
ditions  favorable  for  nitrification  appear. 

6.  Mulch  material  should  bo  renewed  during  late  tot- 
Mr  or  winter  to  it  will  not  depress  the  nitrate  content 
of  the  toil  at     tine  of  me"  test  tree  ~rowt  . 

7.  Tho  effect  of  ati&g  a  teiall  quantity  of  a  readily 
available  nitrogenous  fertiliser  at  the  time  of  the  addi- 
tion of  the  raulch  would  be  a  problem  worth  stud". 

8.  Frequent  stapling  it  neeetsary  Doth  to  teeuro  an 
adequate   entity  of  data  and  to  aeeure  data  lose  affected 
by  abnormal  weather  conditions. 

9.  ibe  tuamer  of  1928  has  been  an  unusually  wet 
season  thus  reducing  the  need  of  moisture  conservation. 

10.  tony  distinct  and  Btflgif!     trends  may  bo 
entirely  covered  up  when  averages  of  toil  nitrates  are 
made  the  bases  of  conclusions. 

* 

11.  Tho  results  of  one  season  should  not  be  inter- 
preted as  conclusive  in  regard  to  any  method  of  soil 
treatment. 


it. 


3IBLIG0RAPEY 


1.  Albrecht,  W.  A, 

1922.     filtrate  Accumulation  under  Straw 
flJulehes.     Soil   Sci.,   14:299-305. 

2.  Albrecht,  W.  A.  and  Uhland,  R,  C. 

1925.  Kitrate  Accumulation  under  Straw  Mulch. 
Soil  Sci.,  20:255-265. 

3.  Ballou,  P.  H.and  Lewis,  I.  P. 

1920.  Ore'  ard  Re'uvenation  in  Southeastern 

Le.  Ohio  Igr.  Exp.  sta.  Bui., 
599:26-32. 

4.  Beaumont,  ft*  B.,  Sessions,  A.  C.  and  Kelly,  0.  W* 

1927.  TJitrate  Accumulation  under  a  Mulch. 
Soil  Sci,,  24: 177-185 • 

5.  Colllson,  R.  0.  and  Conn,   .   . 

1925.  The  Effect  of  Straw  on  Plant  Growth* 
.  Y.  Agr.  3xp»  Sta.  Tech.  Bui.  114. 

6.  Cullinan,  F.  P» 

1921.  Root  Development  of  the  Apple  as 
Affected  by  Cultural  Practices.  Proc. 

See.  Hort.  Sci.,  1921:197-203. 


7.  Cullinan,  F.  P.  and  Baker,  C. 

1927.   Ore  ard  Soil  Management  Studies. 

Univ.  Acr.  Exp.  Sta.  Bol.  315. 


8.  Davis,  U,  B. 

1927.     To  Influence  of  Antnoniu^.i  Sulphate  as 
a  Direct  Source  of  Kitro^en  for  Apple 
Trees.     Scientific  Agricul fcure,  Sept., 
1927,   7111:41-55. 

9.  Emerson,  Paul. 

1925.  Soil  Characteristics.  McOraw  Hill 
Book  Co.,  II.  7.,  p.  90. 

10.  Harper,  Horace  <"  • 

1925.  The  Anmonla  Content  of  Soil  and  Its 
Relation  to  Total  nitrogen,  Ultra tes 
and  Soil  Reaction.  U.  S*  D.  A,  ."our. 
Agr.  Res.,  31:549-555. 


44. 

11. 

Bcotman,  H.  D.  and  Wells,  U.K. 

^27.  A  Comparison  of  Soil  Management  Methods 

in  a  Young  Apple  Orchard.   lc  .  Agr. 
Exp.  Sta.  Quarterly  Bui.,  9:135-157. 

12. 

Karraker,  P,  E« 

1927.  Variable  Occur. ence  of  Bitrates  in 

Soils.   Soil  Sci.,  24:259-262. 

15. 

Lohnis,  F. 

1924.  Influence  ef  Tiiae  of  Tear  on  titrate 

Formation.  B.  S.  E.,  50:17. 

14. 

Martin,  T.  L. 

1925.  Effect  of  Straw  on  Accumulation  of 

tes  and  Crop  Growth.  Soil  Sci., 

20:159-164. 

IS. 

Murray,  T. 

1921.  The  Effect  of  Straw  on  the  Biological 

Soil  Process.  Soil  Sci.,  12:233-260. 

16. 

Oskamp,   . 

1915.  Soil  Temperatures  as  Influenced  by 

Cultural  Mothods.  ^'ovr,   Agr.  Res.., 

7:173-177. 

17. 

Prince,  Arthur. 

1913.  Variability  of  Nitrate  and  Total 

nitrogen  in  Soils.  Soil  Sci., 

1     -405. 

18. 

Sac-  s,  7/ar 

1926.   ffect  of  Cultivation  on  Moisture  and 

Eltrates  o     Ld  Soil.  Ark.  ?jcp. 

Sta.  Bui.  205. 

19. 

Scott,  H. 

1921.  The  Influence  of  Wheat  Straw  • 

^cumulation  of  Bitrate3  in  Soil. 

or.  Soc.  igron.,  13:233-258. 

20. 

Siewers,  F.  ;.   and  Holts,  H.  P. 

1926.  The  Significance  of  Kltrogen  in  Soil 

Organic  Matter  Relations  ips.  Wash. 

• 

Agr.  Exp.  Sta.  Bui.  206:1-43* 

21. 


1915. 


Experimental  Results  in  Young  Orchard* 
in  Pennsylvania.  Pa.  Sta,  Bui. 
134-20. 


r?S.  Teaser,  C.  ff« 

1927.  The  Moisture  and  IJitrato  Content  ef 
Orchard  Soils  as  Influenced  by  Straw 
a  Cultivation,  and  Cover 
Crops  Plowed  under  at  Different  Times. 
Unpublished  las tor* a     Is,  Kansas 
State  Agricultural  College  Library. 

23.  Wakawan,   Se Irian. 

1925.  Microbiological  Analysis  of  Soil  as  an 
Index  of  Soil  Fertility.  Soil  Sci., 
14:49-55. 

24.  oodbury,  C.  G.,  Royes,  H.  i«  and  Osk&mp,  <?©aeph» 

1917.  Soil  Management  Investigations  in 

Yc       a  Ore"  &.rds.  Purdue  Agr. 
Exp.  Sta.  Bui.  205. 


&u 


V^W^ 


^l.i.Wfct_  w^i 


UUiVfvlVlU^ 


